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Abstract 

The chemical composition and anticorrosion activities of essential oils obtained from two plants growing wild in southern Algeria, 

Asteriscus graveolens (FORSSK.) LESS. and Pulicariaincisa (LAM.) DC, have been investigated. Chemical analysis was by GC-

MS. The main component of A. graveolens were cis-chrysanthenyl acetate (31.1%), myrtenyl acetate (15.1%), and kessane 

(11.5%), while for P. incisa the major ones were chrysanthenone (45.3%) and 2,6-dimethylphenol (12.6%). The hydro-distilled 

oils obtained from the aerial parts were tested at various concentrations as corrosion inhibitors by means of polarization curves, 

polarization resistance and electrochemical impedance spectroscopy (EIS). The oils acted as efficient inhibitors against mild steel 

in 1 M HCl medium, and their inhibition efficiency increased with the inhibitor concentration, reaching a value of upto 82.05% at 

0.3 g/L, especially for P. incisa that showed the highest anticorrosion effect compared to A. graveolens. Polarization study showed 

that P. incise oil was a mixed-type inhibitor and its adsorption on the metal surface follows a Langmuir isotherm. These results 

give significant information about the anticorrosion activities of these essential oils, which suggest their possible use for industrial 

purposes. 
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1. Introduction 

 It is known that the aggregation of an acid on a 

metal surface causes its dissolution. In the industrial field, 

acids find several applications (cleaning and acid stripping) 

with consequent severe corrosion of metals [1-3]. It should 

also be noted that many acids, such as nitric [4], phosphoric 

[5], hydrochloric [6-10] and sulfuric [11,12] ones are widely 

used in this application context. HCl is commonly used in 

the pickling industry because of its low cost compared to the 

other acids [13-15]. However, the use of inhibitors in 

aggressive solutions can reduce the corrosion rate of mild 

steel. In addition, an inhibitor is said to be effective if there 

are hetero atoms in its structure. Moreover, the effectiveness 

of an inhibitor depends on several factors, mainly its 

chemical structure, the type of metal and the aggressive 

environment. On the other hand, the high cost and toxicity 

of organic inhibitors, drive researchers to look for ecological 

inhibitors and thus, several studies have been conducted on 

the protection of metals and especially steels against 

corrosion by the essential oils obtained from plant material 

[5, 10, 16]. 

 In this study, the essential oils of two plants 

growing in southern Algeria, in particular Asteriscus 

graveolens (FORSSK.) LESS. and Pulicar iaincisa (LAM.) 

DC. were evaluated. No studies have been previously 

published about the use of the essential oils of these two 

species as corrosion inhibitors. A. graveolens is a plant of 

the genus Asteriscus, belonging to the Inula-group of the 

Asteraceae-Inuleae. A. graveolensis the accepted scientific 

name of this species and has as synonyms Bubonium 

graveolens, Odontospermum graveolens and Nauplius 

graveolens [17, 18]. It is common in the Hoggar located in 

the province of Tamanrasset (Southern Algeria). Locally, it 

is known as “Tameyout”, and has been used in the folk 

medicine for treating cephalic pains and fever [19]. P. incisa 

belongs to the genus Pulicaria, included into the tribe 

Inuleae of the Asteraceae family. It is frequent in Hoggar 

and it is also known as P. undulata (L.) DC., P. desertorum 

DC., and P. prostrata (GILIB.) ASCHERS. It is locally 

called “Ameyou”. In Algeria, its decoction is used against 

colds, flu and tachycardia [19]. 
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 In the current research work, a detailed study on 

the chemical composition of the hydro-distilled oils of A. 

graveolens and P. incise is reported. Moreover, their 

properties as corrosion inhibitors were assayed for mild steel 

in 1M HCl medium using as experimental techniques 

polarization curves, polarization resistance and 

electrochemical impedance spectroscopy (EIS). 

 

2. Materials and methods 

2.1. Plant material 

 Aerial parts of the wild growing A. graveolens 

and P. incisa were gathered at the flowering stage in 

Tamanrasset [Hoggar, South of Algeria, Latitude 

22°40’384” S, Longitude 5°31’238” E, Altitude 1266 m] 

during spring 2014. The species were taxonomically 

identified by Dr. Rabéa Sahki. A voucher specimen of each 

species was deposited at the Herbarium of the National 

Forest Research Institute, Tamanrasset (Algeria), under the 

registration numbers AGAP 114 and PIAP 111, respectively 

for A. graveolens and P. incisa. The plant material were air-

dried under a laboratory shade and stored for future use. 

 

2.2. Isolation of the essential oils 

 Essential oils were obtained from dried aerial 

parts of A. graveolens and P. incisa (500 g of each) by 

hydrodistillation for 5 h, using a Clevenger-type apparatus, 

according to the method recommended in the European 

Pharmacopoeia [20]. The isolated oils were collected by 

decantation, dried over anhydrous MgSO4, weighted and 

then stored in sealed glass vials at +4°C for later GC-MS 

analysis and corrosion tests. 

 

2.3. Chemical analysis 

 The analysis of the essential oils was performed 

as previously reported [21]. 

 

2.4. Materials and solution 

 Corrosion tests were performed on mild steel 

having the following composition (% by weight): C: 0.14-

0.22, Mn: 0.50-0.80, Si: 0.15-0.30, S: 0.05, P: 0.05, Cu: 0.5, 

Cr: 0.30, Ni: 0.03, Mo: 0.05, V: 0.08, Sn: 0.05 and Fe 

balance. An aggressive 1M HCl solution was prepared by 

diluting 37%HCl using distilled water. Before each 

measurement, the mild steel samples were polished with 

emery paper (400 to 800 grades), cleaned with acetone and 

then rinsed with distilled water and dried. 

 

2.5. Electrochemical measurements 

 Electrochemical impedance spectroscopy (EIS) 

is an analytical method used to examine the interface system 

(metal as electrode-solution). The amplitude of the 

sinusoidal voltage applied to the abundant potential is 10 

mV peak-to-peak at frequencies between 100 kHz and 100 

mHz. The equivalent electric circuit was determined 

according the Z-view program. Measurements of EIS and 

potentiodynamic polarization were performed using a PGZ 

301 potentiostat piloted with Voltamaster 4. For the 

electrochemical tests, a three-electrode cell, double-wall 

thermostat with a capacity of 500mL, were used. The three 

electrode were: auxiliary electrode in platinum; saturated 

calomel electrode (SCE) as reference electrode and mild 

steel used as working electrode (S=0.16 cm2). The AC 

impedance measurements were performed at corrosion 

potentials (Ecorr) and the Nyquist plots were obtained. 

Measurements were conducted after maintaining the 

working electrode at its circuit potential for 30min 

(favorable time for the potential of the studied system to 

become stable). The potentiodynamic current-potential 

curves were recorded by changing the electrode potential 

automatically from -600 to -200mV at a scanning rate of 

30mV/min, under static on the same electrode without any 

surface treatment. Corrosion current densities were 

determined by extrapolating the cathodic and anodic Tafel 

regions from the potentiodynamic polarization curves to the 

corrosion potential. All the experiments were carried out in 

freshly prepared solution at constant temperature. The fixed 

temperature was maintained using a water bath equipped 

with a thermostat. 

 

3. Results and discussions 

3.1. Chemical study 

 The essential oils of the aerial parts of A. 

graveolens and P. incise were obtained at 0.30 and 0.50 % 

yields (w/w), respectively. The hydro-distilled oils were 

yellowish-green and pale yellow, with aromatic, fragrant 

and pleasant odors. The compositions of the two essential 

oils are in good agreement with previous studies on the 

same species growing within the Mediterranean area [12, 

22]. The chromatographic profile of the essential oil of the 

aerial parts of A. graveolens from Algeria, permitted to 

evidence that it is constituted exclusively by terpenoids. A 

total of 31 compounds were characterized, representing 

97.0% of the total oil: 8 oxygenated monoterpenes (53.9%), 

13 oxygenated sesquiterpenes (35.2%), 6 monoterpene 

hydrocarbons (5.7%) and 4 sesquiterpene hydrocarbons 

(2.2%). The principal components were cis-chrysanthenyl 

acetate (31.1%), myrtenyl acetate (15.1%), kessane (11.5%), 

liguloxide (7.4%), cis-chrysanthenol (5.3%), T-cadinol 

(4.5%), and valerianol (3.8%) (Table 1). In the essential oil 

isolated from the aerial parts of P. incisa, 42 components 

representing 97.3% of the whole oil were characterized. The 

oil was mainly composed by terpenoid derivatives, but also 

non-terpene compounds were identified. The oxygenated 

terpenoids were found in higher percentages: 13 

monoterpenes (55.2%) and 12 sesquiterpenes (18.8%). A 

small amounts of monoterpene-hydrocarbons accounted for 

1.4%, together with 6 sesquiterpene hydrocarbons (4.8%) 

and 5 non-terpene derivatives (17.1%). The major 

constituents of the oil were chrysanthenone (45.3%), 2,6-
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dimethylphenol (12.6%), α-cadinol (5.6%), eudesma-

4(15),7-dien-1-ol (3.5%) and T-cadinol (3.6%) (Table1). 

 

Table 1: Chemical compositions of A. graveolens and P. 

incisa aerial parts essential oils 

 
  

Essential Oils (%)c  

No.a Compounds RIb A. 

graveolens 

P. 

incisa 

Identificat

iond 

1 α-Pinene 941 2.6 0.2 RI, MS 

2 Sabinene 977 0.2 0.2 RI, MS 

3 Myrcene 993 2.2 - RI, MS 

4 α-

Phellandrene 

1006 0.3 - RI, MS 

5 p-Cymene 1028 0.1 0.3 RI, MS 

6 Limonene 1032 0.3 0.3 RI, MS 

7 cis-

Linalooloxid

e (furanoid) 

1076 - 0.5 RI, MS 

8 Terpinolene 1090 - 0.4 RI, MS 

9 Linalool 1101 0.2 - RI, MS 

10 2,6-

Dimethylphe
nol 

1105 - 12.6 RI, MS 

11 p-

Methylbenzy

lalcohol 

1107 - 2.3 RI, MS 

12 Chrysanthen

one 

1126 - 45.3 RI, MS 

13 2-

Ethylphenol 

1141 - 0.6 RI, MS 

14 cis-Verbenol 1145 - 0.3 RI, MS 

15 cis-

Chrysanthen

ol 

1163 5.3 2.3 RI, MS 

16 Borneol 1167 - 1.5 RI, MS 

17 4-Terpineol 1179 0.2 0.9 RI, MS 

18 α-Terpineol 1191 - 0.2 RI, MS 

19 Myrtenol 1195 1.6 - RI, MS 

20 Verbenone 1206 - 0.6 RI, MS 

21 2,4-

Dimethylacet
ophenone 

1220 - 0.4 RI, MS 

22 Carvotanacet

one 

1247 - 0.6 RI, MS 

23 cis-

Chrysanthen

ylacetate 

1263 31.1 0.4 RI, MS 

24 Isopiperiteno
ne 

1271 - 1.8 RI, MS 

25 Bornylacetat

e 

1287 0.2 - RI, MS 

26 4-
Vinylguaiaco

l 

1316 - 0.5 RI, MS 

27 Myrtenylacet
ate 

1327 15.1 0.5 RI, MS 

28 (Z)-Jasmone 1395 - 0.7 RI, MS 

29 β-

Caryophylle
ne 

1419 - 0.8 RI, MS 

30 2,5-

Dimethoxy-

p-cymene 

1424 - 0.3 RI, MS 

31 α-Humulene 1455 0.7 - RI, MS 

32 Germacrene 

D 

1482 0.8 - RI, MS 

33 β-Selinene 1487 0.4 0.8 RI, MS 

34 trans-

Muurola-

4(14),5-

diene 

1492 - 0.2 RI, MS 

35 epi-Cubebol 1495 - 0.4 RI, MS 

36 Bicyclogerm 1496 0.3 - RI, MS 

acrene 

37 α-Muurolene 1499 - 0.5 RI, MS 

38 trans-γ-

Cadinene 

1514 - 0.4 RI, MS 

39 δ-Cadinene 1524 - 2.1 RI, MS 

40 Kessane 1528 11.5 - RI, MS 

41 Liguloxide 1530 7.4 - RI, MS 

42 cis-
Cadineneeth

er 

1553 - 0.4 RI, MS 

43 Germacrene 

D-4-ol 

1575 - 1.2 RI, MS 

44 Spathulenol 1577 0.3 - RI, MS 

45 Caryophylle

neoxide 

1582 0.3 0.9 RI, MS 

46 Nerylisovale
rate 

1584 0.2 - RI, MS 

47 Rosifoliol 1601 0.4 - RI, MS 

48 Humuleneep

oxide II 

1607 1.6 0.5 RI, MS 

49 1,10-di-epi-
Cubenol 

1615 0.8 - RI, MS 

50 1-epi-

Cubenol 

1629 - 0.7 RI, MS 

51 T-Cadinol 1641 4.5 3.6 RI, MS 

52 α-Muurolol 1646 - 0.7 RI, MS 

53 β-Eudesmol 1650 0.8 0.4 RI, MS 

54 α-Cadinol 1652 - 5.6 RI, MS 

55 Valerianol 1656 3.8 - RI, MS 

56 14-Hydroxy-
9-epi-(E)-

caryophyllen

e 

1667 1.1 0.9 RI, MS 

57 epi-α-

Bisabolol 

1686 0.4 - RI, MS 

58 Eudesma-

4(15),7-dien-
1-ol 

1688 - 3.5 RI, MS 

59 Bisabolone 1749 2.3 - RI, MS 

 Total 

Identification 

% 

 
97.0 97.3  

 Yields % 
(w/w) 

 
0.30 0.50  

 Monoterpene

hydrocarbon
s 

 
5.7 1.4  

 Oxygenated

monoterpene

s 

 
53.9 55.2  

 Sesquiterpen

ehydrocarbo

ns 

 
2.2 4.8  

 Oxygenateds
esquiterpene

s 

 
35.2 18.8  

 Otherderivati
ves 

 - 17.1  

The main compounds are reported in bold. 

aOrder of elution is given on apolarcapillary column DB-5.b Retention 
indices (RI) determined relatively to the retention time of a series of n-alkanes. 

c Relative percentage calculated by GC/FID on an apolar capillary column 

DB-5. d RI: Retention Indices; MS: Mass Spectra in electronic impact. 

 

3.2. Electrochemical study 

3.2.1. Potentiodynamic polarization study 

 The polarization curve technique was used for the 

evaluation of the efficiency of the proposed green corrosion 

inhibitors. The anodic and cathodic polarization curves of 

the mild steel electrode, at optimal concentrations of 

different essential oils, in the presence of 1M HCl, at 25 °C 

are shown in Figure 1. 
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*Essential oils: AG: Asteriscus graveolens; PI: Pulicariaincisa. 

 

Figure 1: Polarization plots of mild steel in 1M HCl in 

absence and presence of A.G (0.3 g/L) and P.I (0.3 g/L) 

after 30 min of immersion and at 25 °C 

 

The values of the corrosion potential (Ecorr), cathodic Tafel 

slope (bc), anodic Tafel slope (ba), Icorr, corrosion rate (CR) 

and inhibition efficiency (IE (%)) are given in Table 2. 

The Icorr and CR values were used to calculate the inhibition 

efficiency, using the following equations: 

𝐈𝐄(%) =
𝐈𝐜𝐨𝐫𝐫

° −𝐈𝐜𝐨𝐫𝐫

𝐈𝐜𝐨𝐫𝐫
° 𝐱𝟏𝟎𝟎 … … … (1) 

where Icorr
°  and Icorr are the corrosion current density values 

in the absence and presence of inhibitors, respectively, 

determined by extrapolation of cathodic and anodic Tafel 

lines to the corrosion potential. 

and 

𝐈𝐄(%) =
𝐂𝐑𝟎−𝐂𝐑

𝐂𝐑𝟎
𝐱𝟏𝟎𝟎 … … … (2) 

where CR0 and CR are the corrosion rate values in the 

absence and presence of inhibitors, respectively, determined 

from polarization curves. 

 

Table 2: Electrochemical parameters and the corresponding 

corrosion inhibition efficiencies for the corrosion of mild 

steel in 1M HCl containing essential oils at 25 °C 

 

 

 

 

 

 

 

* Essential oils: AG: Asteriscusgraveolens; PI: 

Pulicariaincisa 

 

From the examination of Table 2, it is possible to deduce 

that after adding these green inhibitors to 1M HCl, both 

anodic and cathodic corrosion reactions of mild steel 

electrode were inhibited. This inhibition is increased by 

increasing the inhibitor concentration from 0.1 to 0.3g/L 

(optimal concentration) and achieves an efficiency of 

85.66% and 87.03% for A. graveolens and P. incisa, 

respectively. This behavior indicates that the addition of the 

inhibitors delays the reduction of hydrogen ions at the 

cathode and also reduces the dissolution reaction at the 

anode (mild steel) [1-2, 23]. The molecules of essential oil 

can be classified as a mixed-type inhibitor because the 

values of corrosion potential of mild steel in the acidic 

solution in the presence of inhibitor change slightly 

compared to the corrosion potential in the presence of the 

acid alone. The addition of the two green inhibitors to the 

corrosive medium leads to a decrease in corrosion current 

densities of mild steel [3, 24-26]. From Table 2, it can easily 

be observed that the corrosion rates (CR) decrease 

considerably in the presence of the different essential oils 

obtained from the studied plants. 

 

3.2.2. Linear polarization technique 

 Linear polarization technique was performed in 1M 

HCl with different concentrations of the two essential oils. 

The corresponding polarization resistance (Rp) values are 

given in Table 3. 

 

Table 3: Polarization resistance and inhibition efficiency for 

the corrosion of mild steel in 1M HCl containing essential 

oils at 25 °C 

 

 Concentration 

(g/L) 

Rp EIRp 

(%) 

Blanc --- 8.62 --- 

A.G* 0.1 27.84 69.04 

0.3 43.90 80.36 

P.I* 0.1 30.27 71.52 

0.19 45.10 81.55 

0.3 48.03 82.05 
* Essential oils: AG: Asteriscus graveolens; PI: 

Pulicaria incise 

 

The inhibition efficiency of corrosion of mild steel is 

calculated by polarization resistance as follows: 

𝐈𝐄(%) =
𝐑𝐩−𝐑𝐩

𝟎

𝐑𝐩
× 𝟏𝟎𝟎 … … … (3) 

where Rp and RP
0  are the polarization resistance values with 

and without inhibitors, respectively. 

 It is apparent that Rp and inhibition percentage (IE%) 

increase with increasing inhibitor concentration. The values of 

IE% attain 80.36 and 82.05% at 0.3 g/L (optimal 

concentration) for A. graveolens and P. incisa, respectively. 

Therefore, these results indicate that the inhibiting action of 

the two essential oils is satisfactory. Furthermore, the 

inhibition efficiencies obtained both by potentiodynamic 

polarization and by polarization resistance methods are in 

good agreement. 
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3.2.3. Electrochemical impedance spectroscopy (EIS) 

 The corrosion behaviour of mild steel in 1M HCl in 

the absence and the presence of two essential oils of for A. 

graveolens and P. incisa, after 30 min of immersion and at 

25°C. A typical set of Nyquist plots for mild steel in 

uninhibited and inhibited 1M HCl is shown in Figs. 2 that 

exhibit one semicircle, which centre lies under the abscissa. 
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Essential oils: AG: Asteriscus graveolens; PI: Pulicari aincisa 

 

Figure 2: Nyquist plots for the mild steel in 1M HCl in the 

absence and presence of A.G (0.3 g/L) and P.I (0.3 g/L) 

after 30 min of immersion and at 25 °C 

 

The appearance of one semicircle in the impedance 

diagrams was common to most of these compounds To 

describe the observed depression of the capacitive 

semicircle it is necessary to replace the capacitor by some 

element, which has frequency dispersion like the constant 

phase element (CPE) [27-29]. The dispersion of the 

capacitive semicircle is explained also by surface 

heterogeneity due to surface roughness, impurities or 

dislocations, distribution of activity centres, inhibitors 

adsorption and formation of porous layers [28]. 

The impedance of the CPE is [29]: 

𝐙𝐂𝐏𝐄 = 𝐐−𝟏(𝐣𝛚)−𝐧 … … … (𝟒) 

where Q is a proportionality coefficient and n an exponent 

related to the phase shift. For whole numbers of n = 1, 0, -1, 

CPE is reduced to the classical lumped elements capacitor 

(C), resistance (R) and inductance (L), respectively. The 

value of n = 0.5 corresponds to Warburg impedance (W). 

Values of n can serve as a measure of the surface 

heterogeneity. The equivalent circuit model employed for 

these systems is presented in Figure 3. 

 
Figure 3: The equivalent circuit of the impedance spectra 

obtained 

 

The resistance Rs is the resistance of the solution; Rt reflects 

the charge transfer resistance and CPE has the meaning of a 

frequency distributed double-layer capacitance. The curves 

of the obtained plots were approximated by single capacitive 

semicircles. This phenomenon indicates that the corrosion 

process was mainly charge-transfer controlled [23-24]. The 

corresponding electrochemical parameters extracted from 

these plots are presented in Table 4, where it can be 

observed that by increasing the concentration of inhibitor, 

the Rct values increases (and hence IE % increases), while 

the Cdl values decreases. The higher values of Rct are 

attributable to a slower rate of corrosion of mild steel. The 

decrease in the values of Cdl might result from the lowering 

of general dielectric constant or from the increase in 

thickness of the electrical double layer, which suggests the 

adsorption of inhibitor molecules on mild steel surface [25-

27]. 

Note that the capacitances were calculated from Q and Rt 

using the equation [28-29]: 

𝐐 =
(𝐂𝐑𝐭)

𝐧

𝐑𝐭

… … … (𝟓) 

Table 4: Impedance parameters and inhibition efficiency for 

the corrosion of mild steel in 1 M HCl containing different 

inhibitors 

 
Essential oils: AG: Asteriscus graveolens; PI: Pulicari aincisa 

 

3.2.4. Adsorption consideration 

 The corrosion inhibition can be referred to the 

adsorption on the metal surface of the main components 

and/or other molecules present in the essential oils of the 

two plants (A.G and P.I). For the commodity, we have only 

studied the adsorption of P. incisa. The adsorption of these 

compounds on the mild steel surface reduces the surface 

area available for corrosion. The values of surface coverage 

(θ=I.E%/100) for different concentrations of the essential 

oils of P. incise can be obtained from polarization curves 

measurements. 

 The surface coverage values (θ) were tested 

graphically to allow fitting of a suitable adsorption isotherm. 
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The plot of C/θ versus C (Fig.3) yielded straight lines with 

slopes equal to 1.12, clearly proving that the adsorption of 

the molecules inhibitors from 1M HCl solution on the mild 

steel obeys the modified Langmuir adsorption isotherm 

where, 

𝐂

𝛉
=

𝐧

𝐊𝐚𝐝𝐬

+ 𝐧𝐂 … … … (𝟒) 

with 

𝐊𝐚𝐝𝐬 = 
𝟏

𝟓𝟓.𝟓
𝐞𝐱𝐩 (

∆𝐆𝐚𝐝𝐬

𝐑𝐓
) 

Where Kads is the equilibrium constant for the adsorption 

process, C is the concentration of the inhibitor and θ is the 

surface coverage. 

 The values of equilibrium adsorption constant 

obtained from this isotherm are about 157. The largest 

negative values of ∆𝐺𝑎𝑑𝑠, i.e. -22.48 kJ/mol, indicate that 

this extract oil is strongly adsorbed onto the mild steel 

surface. 
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Figure 3: Langmuir adsorption isotherm for steel in 1M 

HCl with P. incisa oil 

 

3.2.5. Inhibition mechanism 

 It is known that the inhibitory effect against 

corrosion by an essential oil is the adsorption of its 

phytochemical constituents on the mild steel surface [30]. In 

addition and because of the complex chemical composition 

of an essential oil, the inhibitory effect cannot be attributed 

to a particular constituent. This difficulty of attribution is 

due to the fact that some of these substances contain 

different functional groups, such as oxide, esters and 

alcohols ones [8]. Moreover, these compounds contain 

oxygen atoms in the functional groups (C=O, C-O, O-H), 

often together with aromatic rings, which contain π electrons 

in their structure. This allows them to have the 

characteristics of good corrosion inhibitors [12, 31]. It 

should be noted that the essential oils used in this study 

contain several constituents having the above characteristics, 

for example in the oil of A. graveolens, cis-chrysanthenyl 

acetate, kessane, liguloxide and other minor components are 

present. On the other hand, the high inhibition efficiency of 

the essential oil P. incisa is attributable to the fact that more 

than 50% of the composition of this oil is constituted by two 

products: 2,6-dimethylphenol (12.6%) and chrysanthenone 

(45.3%). 

OH

 
2,6 Dimethylphenol 

O

 
Chysanthenone 

However, together with these two main compounds, also 

other minor components might be involved in some type of 

synergism effect. 

 

4. Conclusions 

 The current study indicates that the hydro-distilled 

oils of A. graveolens and P. incisa, two Asteraceae from 

southern Algeria, were constituted in majority by terpenoids. 

In the case of A. graveolens, the principal components were 

cis-chrysanthenyl acetate, myrtenyl acetate, kessane, 

liguloxide and cis-chrysanthenol; whereas in P. incisa oil the 

main constituent was chrysanthenone. These essential oils 

show good inhibition properties on the corrosion of mild steel 

in 1M HCl medium at 25°C. The inhibition efficiency 

increases with increasing oils concentrations. The values of 

the inhibition efficiencies estimated from electrochemical 

impedance spectroscopy (EIS) and potentiodynamic 

polarization measurement were in good agreement. By 

analyzing polarization results, the oils, being rich in 

oxygenated components, mainly act as a mixed-type inhibitor, 

with predominant cathodic effectiveness. Adsorption of P. 

incise oil on the mild steel in 1M HCl obeys the Langmuir 

adsorption isotherm model. It should be noted that the 

addition of P. incisa oil leads to an increase in activation 

corrosion energy, indicating that the inhibitor is strongly 

adsorbed on the metal surface. 
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